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INTRODUCTION
Outdoor active free play is a major source of physical activity (PA) in young children and may be associated with decreased BMI and obesity in preschoolers. 1, 2 Time outdoors may also be associated with improved sleep, attention, imaginative play, social relationships, and reduced symptoms of disease including asthma and chronic pain. 3, 4 Despite these benefits, many preschoolers do not play outdoors on a daily basis. 5 The American Academy of Pediatrics recommends Pediatricians make it a priority to advocate for increased outdoor free play in preschoolers, as an essential part of healthy development. 6 Designing effective interventions to promote outdoor play in young children requires an understanding of the determinants of outdoor play. Previous large cohort studies have shown that increased outdoor play may be associated with access to green space, 7, 8 being white, 2,5,8 being male, 5, 8 having multiple playmates, 5 and having a mother who does not work full-time. 2, 5 Research, however, has largely overlooked the role of individual child characteristics, such as temperament, on outdoor play.
Child temperament is defined as constitutionally-based differences in behavioral style that are evident from the earliest years. 9 In their well-validated measure of temperament, the Children's Behavior Questionnaire (CBQ), 9 Rothbart et al define three temperament constructs: negative affectivity, surgency/extraversion, and effortful control. Briefly, negative affectivity reflects the tendency to experience and express negative emotional reactions. Surgency/extraversion reflects level of motor activity, seeking closeness with others, and positive emotional reactions to highintensity stimuli. Effortful control reflects self-control of attention and behavior, and positive reactions to low-intensity stimuli. Temperament has been shown to influence obesity and related behaviors in young children, including nutrition and screen time, 10, 11 with greater levels of negative affectivity inferring increased risk. 10, 12, 13 Given the association of negative affectivity with health behaviors, the primary objective of this study was to determine if negative affectivity was associated with outdoor play. The secondary objectives were to determine if the other temperament constructs, effortful control or surgency/extraversion were associated with outdoor play. Based on evidence that age and sex may relate to expression of temperament, 14 we assessed whether child age and sex modified the relationship of temperament and outdoor play.
DESIGN AND METHODS
The Applied Research Group for Kids (TARGetKids!) is an ongoing open longitudinal cohort study that has recruited healthy children from 9 primary care practices in Toronto, Canada.
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Children were invited to participate at each primary care visit, using parent-completed questionnaires. Exclusion criteria included health conditions affecting growth (e.g. cystic fibrosis), other chronic health conditions (excluding asthma), severe developmental delay, and inability to complete English-language questionnaires. The full details of the cohort profile have been published seperately. 15 The psychometric properties of these questionnaires have been evaluated in US, Chinese and Japanese populations, with similar reliability (mean 0.78) and internal consistency (0.68 to 0.93). 9 Parent-report measures of temperament have been shown to have low to moderate convergence with laboratory and observational measures of temperament, 18, 19, 20 and both methods show evidence of validity.
9,20
The primary outcome variable in this study was parent-reported outdoor free play time, a measure that has been shown to correlate moderately well with accelerometry-measured PA in Descriptive analyses of the main exposure, outcome variable, and all covariates at baseline were conducted. To assess the relationship between the primary exposure variable, negative affectivity, and the outcome variable, outdoor play, we used a multiple linear regression model adjusted for the covariates described above. We repeated this analysis with secondary exposure variables surgency/extraversion and effortful control. Based on previous research, children's age and sex were thought to potentially modify the relationship between the temperament and time in outdoor play, therefore they were included as interaction terms. To minimize model selection and multiple testing, all interaction terms were tested simultaneously. The a priori plan was to eliminate the interaction terms if no interaction terms were significant. If an interaction term was felt to be significant, stratified models were then run to determine the size of the effect.
Regression coefficients, confidence intervals, and p-values were generated non-parametrically using 5000 bootstrapped samples to avoid incorrect parametric inferences due to non-normal model residuals. 26 To assess the linearity of associations, model residuals were plotted against the temperament variables, and showed no patterns of non-linearity. Because data were expected to be missing at random, multiple imputation was used to reduce bias from performing complete case analysis; none of the variables had more than 13% missing data. Fifty data sets were computer generated and the results were pooled. 27 All statistical analyses were conducted with the use of SAS 9.3 for Windows and R version 3.3.1.
RESULTS
Baseline characteristics are shown in Table 1 . There were 5161 children aged 1-5 years in the TARGetKids! research cohort at the time of data extraction. Our sample included the 3393 children for whom data on outdoor play was available. Mean time outdoors on a typical weekday was 61 minutes, with no significant differences by age group or sex. Mean scores for negative affectivity were 3.6 (SD 0.9, range 1 to 7), surgency 4.8 (SD 0.8, range 1.7 to 7), and effortful control 5.4 (SD 0.8, range 1.4 to 7).
In the multivariate linear regression analysis examining the relationship between negative affectivity and outdoor play, the interaction with sex was approaching significance (95% CI -0.61, 7.35, p = 0.06). The regression analysis was therefore run separately for girls and boys.
There was a statistically significant association between negative affectivity and outdoor play among boys but not among girls ( Examining the relationship between surgency/extraversion and outdoor play, for every 1-point increase in surgency/extraversion score, mean outdoor playtime increased by 4.6 minutes per day (p = 0.002, 95% CI 2.73,7.70).There were no statistically significant interactions with age or sex (Table 2 ). There was no statistically significant association found when examining the relationship between effortful control and outdoor play ( Table 2) .
DISCUSSION
In this sample of healthy preschool children recruited from primary care practices, higher negative affectivity was associated with less outdoor play in boys, and higher surgency/extraversion was associated with more outdoor play in all children. A recent Canadian study of 216 preschoolers in childcare centres concluded that none of the studied constructs of parent-reported temperament were predictive of accelerometry-measured PA. 30 This study is difficult to compare, however, as they used a different instrument with different domains to measure temperament, and activity data were collected during childcare hours only, a time that has been suggested to be quite sedentary for preschoolers. 31 There has been increasing attention paid to how children's temperament contributes to their health; different temperamental characteristics may act as either protective or risk factors for various childhood health and behavior outcomes, 32, 33 A recent systematic review which summarized 18 studies on temperament and weight outcomes concluded that greater levels of negative affectivity in early life were associated with increased risk of obesity in infants and young children. 10 Postulated mechanisms include increased intake of sweet food and drinks, 12 decreased fruit and vegetable intake, 12 and increased television exposure. 7 In the present study, there was an association demonstrated between higher negative affectivity and reduced outdoor play in boys. The following are hypothesized mechanisms that may support these findings: discomfort with new situations, social gatherings, and high sensory stimuli may lead boys with high negative affect to seek out more low-stimulus activities, a tendency toward fear and difficult "soothability" may lead parents to keep these children indoors to avoid negative reactions, time indoors could be used as punishment for negative behaviors, or reverse causality, where boys who have less opportunities for outdoor play may be characterized by their parents as having higher negative affectivity. Temperament has been shown to be a stable construct, so
should not be significantly affected by short-term exposures.
14 Sex differences in the relationship of temperament and preschoolers' health behaviors have been demonstrated in previous research. 34 In the current study, while there was a significant association of negative affectivity with outdoor play in males, there was no association in females. This raises the possibility that caregivers' behaviors in response to a child's temperament may be subject to sex differences. Preschool aged boys have been shown to participate in more PA than girls, 35, 36 but there is inconsistent evidence about whether similar sex differences exist for participation in outdoor play, 2, 5, 7, 8 or overall PA. A sex difference in overall outdoor play was also not identified in the current study.
There has been limited research to assess the association of surgency/extraversion with PA or health-related outcomes in children. In a recent study, a temperament measure related to high activity level was positively associated with accelerometry-measured PA, and negatively associated with sedentary behavior. 37 In our study, more highly surgent/extraverted children spent more time in outdoor free play. Mechanisms that may explain this include: a tendency toward enjoyment of high-stimulus activity leads these children to request outdoor activities where they can run and jump, or their enjoyment of high-stimulus and gross motor activity leads parents to send these children outdoors, or reverse causality, where increased time outdoors leads to higher expression of surgency/extraversion. The association of outdoor play with season and ethnicity are supported by previous studies in preschoolers. 2, 5, 8, 21 The association of daycare attendance with decreased outdoor play outside of daycare demonstrated in our study was statistically significant, though given the small magnitude of the effect the clinical significance is questionable. Still, the direction of this effect is consistent with previous research. 5, 38 Hypothesized mechanisms that may explain this include: children in daycare are more likely to have working parents who do not provide supervision for outdoor playtime, or parents'
perceptions that their child participated in outdoor play during daycare hours results in a lower priority for time outdoors at home. Although these effects are interesting, the estimates are exploratory in nature and this model was not designed to test the relationship of ethnicity, season, or daycare attendance with outdoor play. This needs to be explored further in a separate analysis.
Study strengths include a relatively large sample size and detailed clinical data, which allowed inclusion of numerous potential confounding variables, including time of year and daycare attendance, which have only been examined in a few previous studies. 2, 5, 21 There are some limitations to our study that warrant careful consideration. Firstly, our data was cross-sectional, and therefore does not allow us to infer causality. Our outcome measure of outdoor play was assessed by parent-report, rather than direct measurement. Parent-reported outdoor play has been shown to correlate moderately with accelerometry-measured PA in preschoolers, ,21 including our own data. 22 In this study, we did not have data to assess parenting strategies around outdoor play. There is some evidence to suggest that higher levels of parental support for PA are associated with increased outdoor playtime in preschoolers. 8 We did not have data to assess the effect of built environment and access to green space on outdoor play, as demonstrated in some studies.. 2, 7, 8 We also did not have data on parental concern for neighborhood safety, though this has not been shown to correlate with young children's outdoor play in previous studies. 2, 5 Although we hypothesized that parent perception of outdoor time at daycare may be associated with time spent in outdoor play at home, we did not have data to assess this in our sample. Finally, it is possible that other unmeasured confounding factors may account for the associations.
It is important to consider how understanding the association of child temperament with outdoor play might be applied to promote outdoor activity in young children. There is evidence for parenting interventions that target difficult behaviors in children. 39 Understanding how to adapt and modify interventions for a "good fit" with the child's temperamental characteristics, 14, 40 while considering other factors previously demonstrated to be associated with outdoor play time in this age group, may result in more elegant models of health intervention that could be developed and tested.
CONCLUSION
Our results highlight the association of preschoolers' temperamental characteristics with outdoor free play. Consideration of child temperament could help to enhance interventions and promote parenting strategies aimed at increasing outdoor free play in young children. Child health practitioners are uniquely positioned to help parents integrate temperament-based approaches for health-related behaviors such as outdoor play. Further research is required to explore the causal relationship between temperament and outdoor play using longitudinal data in young children.
